There have been doubts as to the authenticity of honeys purchased in the open markets mainly due to sharp practices of vendors. Hence, pollen analysis was carried out on honeys from open markets and those from an apiary to ascertain the veracity of the claims. Eleven honey samples, six from the apiary and five from the open markets, were analysed for their pollen content. Pollen types and number in the apiary honeys varied between 7 and 13 and 57 and 64,000 respectively; the most dominant pollen types being those of Elaeis guineensis and herbaceous plants. Pollen types in the open market honeys on the other hand varied between 11 and 48 while counts varied between 626 and 241,623, and were dominated by pollen of Guinea savanna plants. Pollen assemblages in the apiary honeys reflected the surrounding vegetation of the apiary which was secondary forest as well as its production season. In contrast, pollen assemblages of all the open market honeys revealed their sources as being Guinea savanna zone. This however, indicates the vegetation of the producing locality of only one of the honeys and also contradicts the claim of a rainforest source for the others. Results from this study underscore the significance of melissopalynology in ascertaining sources of honeys, and highlight the importance of the Guinea savanna in beekeeping and honey production.
INTRODUCTION
Honey is a sweet food made by bees of the genus Apis; it is collected by beekeepers and consumed by humans. The earliest evidence of the use of honey by humans is from a 15,000-year-old rock painting of Altamira caves in northern Spain (Jones and Bryant, 1996) . The benefits of honey to humans are numerous and include its use as an immune system booster. It is therefore important that only those of high quality are consumed. A reliable way of ascertaining the quality of honey is through melissopalynology (White et al. 1991) . Several melissopalynological studies have been carried out in Nigeria including those of Agwu and Akanbi (1985) ; Agwu et al., (1989) ; Agwu and Okeke, (1997) , Aina and Owonibi (2011), and Sowunmi, (1976) . These studies mainly focused on honeys from open markets except those of Aina and Owonibi (2011) , Adeonipekun (2012) , Kayode and Oyeyemi (2014) and Adeonipekun et al., (2016) who studied honeys from apiaries. There have been concerns as to the authenticity of honeys in open markets because of sharp practices by vendors who mix wild honeys and those from apiaries with sugar cane syrup and caramel. Therefore, pollen analyses of such "honeys" will give erroneous information about the bee foraging habits, and consequently present misleading information to bee keepers. This paper presents results of pollen study of authentic honeys from an apiary in south-western Nigeria, and compares the results with those obtained from the open markets from localities in Nigeria and Bénin Republic (Figure 1 ). It also ascertained the botanical and geographical origins of the respective honeys, and infers their possible production seasons.
Vegetation types of honey source localities
Kaduna is located in the northernmost part of Guinea savanna zone; the vegetation is dominated by Borassus aethiopum, Protea spp., Acacia spp. and grasses. Ibadan and Iwo are located in secondary forests of south-western Nigeria although Iwo is on the boundary between secondary forest and derived savanna. (Allio and Schut, 2011) . Ten grammes of each sample was processed according to standard procedures (Louveaux et al. 1970) . Actual counts and the percentages of pollen types, represented as phyto-ecological groups, in the honeys are shown in table 1 and figure 3 respectively. Photomicrographs of pollen ( Figure 4 ) were taken with oil immersion x100 objective of a light microscope, and the colours of the honeys (Table  2) were determined using the Munsell Colour Chart.
RESULTS

Pollen counts and variety of pollen types
A total of 94 pollen species were identified from the eleven samples studied (Table 1) ; they belong to seventy-two genera and thirty-five families. The number of pollen grains and the variety of pollen types in the apiary were low; they ranged from 57 to about 64,000, and 25 species respectively. Regarding the fewer varieties recorded in the Iwo honeys, one possible explanation might be that the bees got enough pollen and nectar from the few plants visited in the vicinity. A second possibility might be that they probably visited other plants for nectar only. The lower numbers might be due to several factors, especially the following two: (1) perhaps not much pollen was stored in the cells, most of it having been used up in feeding the brood;
(2) if indeed much pollen was stored in the cells, then perhaps during the harvesting of the honey much of the pollen did not get mixed with the honey. A comparison between the two sets of honeys reveals the following: Firstly, certain pollen types namely Alchornea cf. cordifolia, Elaeis guineensis and Combretaceae/ Melastomataceae occurred in both groups of honeys except that of Iwo sample 1. Secondly, despite this occurrence, the apiary honeys were grouped differently from those of the open market when subjected to cluster analysis (Figure 2 (Ige and Modupe, 2010) . Honeys with low pollen number and types had hitherto been assumed to be adulterated but this might not be the case judging from the low number and types from the Iwo honeys. The pollen types (25) from the apiary are consistent with those from bee hives in some localities in south-western Nigeria where pollen diversity ranged between 15 and 29 (Kayode and Oyeyemi, 2014; Adeonipekun et al., 2016) , and 21 and 29 (Adeonipekun, 2012) . However, when honeys are mixed or adulterated, their pollen contents (quantity and quality) could be reduced by fractions. For instance, when they are mixed with burnt sugarcane syrup, such honeys contain high amount of charred epidermal cells of grasses and charcoal particles. Mixing honeys from two different ecological zones could increase the number and types of pollen substantially. None of these were noted in the honeys studied.
The pollen results revealed few pollen of forest plants which suggests that little honey comes from the forest zone which corroborate those of Agwu and Akanbi, (1985) , Agwu et al., (1989) , Agwu and Okeke (1997) , and Sowunmi, (1976) . Although the reasons bees favour savanna plants have not been adequately investigated it appears this phenomenon is related to the open and dry nature of the savanna which is more suitable for bee flight and pollination activities (Agwu and Okeke, 1997) . In addition, the honey bees' preference for open environments may be linked to their ancestry having evolved during the Eocene-Oligocene boundary (Engel, 1998; Han et al., 2012) . In West Africa, this period was characterised by major marine regressions and open landscape in the hinterland (Digbehi et al.,2012) .
At this stage, no categorical inference can be made yet about the colour of the honey especially in view of the fact that when the pollen of both Elaeis guineensis, (the oil palm) and Chromolaena odorata, constituted 97.0% (Iwo sample 5) and 96.9% (Iwo sample 6), of the pollen count, the colours of the honey were yellowish red and strong brown respectively. Similarly, the pollen of Elaeis guineensis and Tridax procumbens constituted 82% of the pollen count of the Ibadan honey which was reddish brown.
The apiary honeys were produced in the months of December-February and subsequently harvested in the months following. This is reflected in the flowering seasons of the dominant pollen types in the honeys. Elaeis guineensis flowers between October and December; Talinum triangulare from January-February and Chromolaena odorata flowers between June and July (Hutchinson and Dalziel, 1958-1972) . For the open market honeys, majority of the parent plants of the pollen flowers between December and February; this is followed by those that flower between March and May while very few flower between June and November. The months of December-February are periods of high bee foraging and honey production. These months are the peak of the dry season in West Africa, and are known as the best period for honey flow in the tropics (Crane, 1980) . The months of March to May are equally important but perhaps represent secondary periods; these months constitute bee foraging period in southern Europe (Furness, 1994) . Similarly, two seasons each of honey production (March-May and October-Nov) were indicated in Indian honeys (Tiwari et al., 2012) and those of April and July-Sept for Chinese honeys (Song et al., 2012) . In Nigeria, Agwu and Akanbi, 1985) found that the production season of honey is from September-April. Agwu et al., (1989) stated that Nsukka and savanna honeys are produced between October and May, and October-March (Agwu and Okeke, 1997) respectively. Similarly, Aina and Owonibi, (2014) found that bees collect pollen pellets between April and January. These reports from Nigeria are broadly consistent with those of the present study. 
CONCLUSION
